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ABSTRACT This paper presents layout (topology, shape and node position) optimization, under stress con-
straint, of trusses whose members are described as the discretized cross-sectional areas by using genetic algorithm
(GA). The size optimization problems were successfully solved by hybrid method combining GA with fully stressed
design (FSD), and the result was reported in the previous paper. In this case, the cross-sectional areas of the members,
the topology (i.e. the arrangement of the members), where the members assigned with extremely small cross-sectional
areas are considered ‘‘not to exist’’, and the positions of the nodes are chosen as design parameters. The hybrid method
are tested for four kinds of the structures with convergence parameters varied in FSD. From the test results the Authors

confirm that the hybrid method is efficient and stable in search for globally optimal layout, in layout optimization.
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Layout Problem of Truss Structures Using Genetic Algorithm.
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F2 WHEEEY A+ (A

rank | cross.area(cm?) | rank | cross.area | rank | cross.area
0 1.00 10 133.60 20 238.20
1 22.72 11 138.80 21 259.40
2 29.94 12 148.80 22 278.70
3 38.36 13 163.90 23 301.70
4 54.08 14 167.10 24 319.20
5 67.55 15 179.10 25 343.80
6 70.21 16 195.40 26 349.40
7 80.42 17 209.40 27 400.50
8 90.64 18 217.90 28 451.60
9 100.90 19 221.90 29 502.70

B 5 R 108H P 7 A, RBRE e X KB
hEFLhLBETHD.

BG otk MER X OERSHFISERT
EEUK & oo, BIRFTEEA M BIERE 22K 2 1K
3. AFEFOT 70 GEHHAE1cm?) X7 v 7
1DFRERNTERECPELL L. chidZ v 20
ZE Y M T OB EIABRENIZ LA SER
LBBIEPNIWDT, Z0Yd hBHIIEELE TF
LRV LT, BEMEETIERTS. C0F
BRI THAVLRTWAS. R2DF V7 1~
5V 23R DIDTHERALALIDLRELTHS.

+TRTDGA 7 et AKX (8T HIER %
0.4, 0.6, 0.8, 1.0 F X THETHICHZ S K E R WERA

(5v2729) EHLTLRE (DL EOEEEXP)
HGEEES) hLBDI. GA 7 vt ARXTNT
100 T B Y - 7. B 6 iR, H7
K HR-PHEGE Y RT. K6 Ok TE#OFHER
Hiz (FResT 2 BE0 R /(DGR o4&
B@HEHTHS. ARIKCE HCA 7 r LA ZTH
DEPEBRELTEDY, ~M 7Yy +EE (GA+FSD)
TEM GA & HE L TIEN, REEOE TERT
WhHZ Edbhb.

BRERIIVGCThoOBROSHE  RISIR TS

0.50
mw%
0.40 ‘ﬁ
o Y‘y\ simple GA
® 035 e
@ ¥
- |
5 oa0 -
[
S 025 / hybrid(as=1.0)
[}
E 0.20 /":y'.: rid(a=08)
L"K; hybrid(a=0,6) hybrid(3=0.4)
0.15 bén
0.10 —L—1 m— ‘
0 10 20 30 40 50 60 70 80 90 100
generation
E6 tR-FHsKt
0.90 n .
0.85 (F#-——hybrid(a=0:4)
i [ hyhbrid(a=0. §
éfi—hzb ridi@:o. 5
0.80 “hybrid(a=1.0)
0.75 simple GA
8 0.70 ———
g e
= 0.65 ]
0.60
0.55 [Pt
0.50 |}

045590 20 30 40 50 60 70 80 90 100

generation

H7 #ARSPEEGE

BEASEBLTVWSDTHEE L.

4.1.3 #HEB (14588 b7 R)
BEBYE8KET. COoBSBIRTELEH
WS %1.0, 50.0, 100.0(mm?) MR - 7. F#EE X
BRHEFEO= 2 —F1LF oy PV =2 XD FAD
BEZFhc AV ohiclis S IHEmEEcH 20, =
D L5 REOKEWEHMERE LY EALOIERIIC
INE 7 v AR REEL ER B LD TRV ERD
hp. 15%ae=0.6, 0.8, 1.0DBHFONWT, ThFE
RIOERATEE (LIRE, B o7 ATE10E
ET5.) ik, ThEhORTICRT 5 HA-F
HEIGE OB L O HREHERIEOEE RS .

TYialb—vav HITEELE

NI | -El ectronic Library Service



Japan Society for Sinulation Technol ogy

3 BEER BEB F—EH)

volume ratio | fitness | final generation
simple GA 0.507047 | 0.471954 26.60
0.070264 | 0.061718 6.04
hybird (a=0.6) 0.318332 | 0.662680 25.70
0.035017 | 0.017679 7.80
7hybrid (a=0.8) 0.315422 | 0.658266 23.40
0.065734 | 0.062082 9.38
hybrid (¢=1.0) | 0.339061 | 0.657419 21.80
0.066543 | 0.033591 9.14

*Numerical values of table.3 are mean values of ten trials
**Upper rows show mean values

***]ower rows show standard deviations
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(a) MMFR (a=0.6) (b) R (a=0.8)

(c) MATR (0=1.0)
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item a=1.0 a=0.8 a=0.6
volume ratio | 0.285791 | 0.289304 | 0.288975
0.023302 | 0.022494 | 0.039413
fitness 0.743767 | 0.740254 | 0.719559
0.031034 | 0.030050 | 0.050178

generation 7.80 12.10 23.10

5.71 6.88 14.13
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®T BIER (B A EREER)

item 1.0 0.8 0.6
volume ratio 0.187293 | 0.183175 | 0.188373
0.037527 | 0.004194 | 0.000419

fitness 0.777989 | 0.804131 | 0.811414
0.036900 | 0.007028 | 0.000517
genertion 35.2 32.1 15.3

19.59 11.52 2.28

*8 BRERE (BEB EEER E—@b)

item 1.0 0.8 0.6
volume ratio 0.624161 | 0.668894 | 0.646308
0.039272 | 0.050226 | 0.042556

fitness 0.307436 | 0.311407 | 0.348365
0.037863 | 0.027770 | 0.041455
genertion 18.4 24.1 10.1

6.13 17.08 3.48
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161
F11 BEEE (BB EEZER) (E-EA)
item a=1.0 a=0.8 a=0.6
volume ratio | 0.428627 | 0.437011 | 0.484307
0.012169 | 0.000248 | 0.023209
fitness 0.578630 | 0.569562 | 0.543557
0.018852 | 0.006822 | 0.050523
generation 11.70 15.20 11.20
4.52 9.69 5.83
range of points
|
|
® <
J:
F=50k
%}T—L g

21 #®icC

haBETLHE B-a”, Bc” LR LKKS.

HIEELFEHE 208 (RSB OFEYHE
+2 L 2a=1.07T45%, a==0.8T53%, a=0.6"T33% i
ThTuwa. $BBEETII=060BE RLENRT
BhH, DWTRRE 5 a=08DFFTHS.

FIEEAHOHEERENOHEEB CIBEVREL
BN ZTa=0851.0TAH7< & 2B GA 7
B AREDRTI LI YBEIRELEIBLND
LOLEXZTIVTHEAS. L, BEBDL)D
CHIERES KBRS EH OB Eh T3+ 7
AREBRITIBEAEFELLVD, TOXS5eh T
ATH—IGDONEBELBALZ ENTES.

4.2 L4777 bRE{ERE

4,21 #iS5C (16504 5 XEEE)

2t it gL T, ABEIEELH) GA
AW 2 kT AOTRE (Z0BE, e~
B oBER/MLRED CHRY EFAEREER L
ThD.

FIE LB A 81050 kgf, MM OMEEIIEI2ICRT
BE RS HEIRT 5. OERIX0.10(mm?2) ~25.0
(mm2) D325 1L-dDTH%S. =) — bRFEEE
W FSD % A& bl A7V o, VEETER AT
5. Ffo, TR a0 8EHELTV5.

SR04 6 B
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F12 5 v 7 LIMMEER

rank | cross.area{mm?) | rank | cross.area | rank | cross.area

0 0.010 11 8.935 22 17.771
1 0.903 12 9.739 23 18.574
2 1.706 13 10.542 24 19.377
3 2.510 14 11.345 25 20.180
3 3.313 15 12.148 26 20.984
5 4.116 16 12.952 27 21.787
6 4.919 17 13.755 28 22.590
7 5.723 18 14.558 29 23.394
8 6.526 19 15.361 30 24.197
9 7.329 20 16.165 31 25.000
10 8.132 21 16.968

node. 4(node.6) node. 5

.

dr de dx dy

B22 HeafkomR()

%13 FSD OERERR

item | 2 generation | 4 generation | 6 generation
fitness average | 0.911830 0.914126 0.879539
S.D. 0.019581 0.034019 0.072231
volume ratio | average 0.065944 0.065537 0.070876
S.D. 0.004759 0.003663 0.004289
generation | average 36.90 44.50 37.40
S.D. 10.46 19.76 10.25

*$.D. is standard deviation
* Average are mean values of ten trials

B 4 EEA 61 3EE R=10{mm] O AR H T
SHTxE yHEE, HiA53+£30[mm] OFETx
FRBERREL T 5.

HEBEBOY 7 2 Y v 7R R T L 5 A
4Ldr L dOFHENRTHBE » b, FIRS5Ddx, dy
BizrthFhst, P2EI YT, LiL, dyik
BEOMSEE LT\, BENT A — 23 EER
=40, WEHE=0.8, BREREK=0.01, LT &H
EHTORMBEER LR LI, FSD OIEH «=0.81CEE
L, FSD #@AT 5 2 4R, 4R, 6 #AH

TER LB TREEBR YT 1.

BREREYRIBIRT. RE»LTFHHEILE, 5
FREHT 2, 4 KR & HI3IER L TH D03, 6 1R
kR & 7B & 2, 4 HARRIC R TFHBICE LR
REDI, FHERHITCRPEDIRDLI TS,

14 BEEROBE

iten | pop. (20) | pop. (40) | pop. (60)
fitness average | 0.908849 | 0.911830 | 0.924543
S.D. 0.040786 | 0.019581 | 0.013805
volurue ratio | average | 0.068697 | 0.065944 | 0.064863
S.D. 0.006608 | 0.004759 | 0.003754
generation | average 18.30 36.90 50.50
S.D. 6.48 10.46 15.58

*Pop. is population
*S$.D. is standard deviation
*Average are mean values of ten trials

o
©
T
- :___“___"__
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<

. ‘ﬂ:? ‘j"" ot
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'\' r "g"!‘ v

iy,
l)‘ w\" i

gveragg fitness
. 3 .
i

0 10 20 30 40 50 60
generation

28 R BIE

SERRE T AR BT 2 HEARRIRR 2 B 5 2. Bk
A b, FSD OEMERT 2 R 3 HRBRAB
ERBbh5.

S ¥, FSD OEKHEI 2 HRERE L, B
D220, 40, 60 L BlL X i b TORKERL KIS
T

B EF 2003 R T HARBI R S Dievd, FHE
EERRMEL, FHSRLIELRE . BEB20
T+ Tikiey. —HREER600 R b SFHBEIE
B, B LEEROF T PFHBRLEIEDNE
WA, SR THAREIRI KR E V.

Dknt, BERECREEOED B FERIZ40, &
G HFRE OE R 2 HAREY Tl & B
5. BEEK40, ERRHRE2 R0 & & ot LFY
BICE, e PGB0 B L E23 & 4R

R25R3 X i, 10EATHR, AT 9 DEMBIA
BBH0D, FOMORATTIIVA 7Y FMIEIIZE
TERI2) 1D EBUTHB. AIT1,5, 7,8k LTN10

Yialv—vav HITEELS

NI | -El ectronic Library Service



Japan Society for Sinulation Technol ogy

O . 55 T T T T
0.5[/@
0.45
So.afp i
o]
Loon A T N E S S S Y AUUROUR
9.35
o o T T I s R B
[
% 25 SRR U S S RUSOP
S
‘U ...........
0.2
0.15 [T
O T - WAt S R S s S R 7
1

1 1
0 10 20 30 40 50 60
generation

Bl24 HAR—PHEEL

tri;d trial.2 trial.3
t;ial.‘l ) trial.5 trial.6

trial.7 trial.8 trial.9 trial.10

VARV,

25 #ATesd sREER (BB, 2RI EC
FSD %)

IXER) TE LR EEEIIFRE . L, b
WEHLL 25 LRT 8 LATI0IHEE T X hR
DRIV, WTRIC LTHRTIEERWT
VAT Y MEISIERI2) £ 13) LBIERILTH B

4.2.2 BED QEH + 7 REH)

BEHEBRN VA7 Y P RERTREEY & LR
st LT ) EF B2 RmT 5 AAFEIC X
LB RAARD.

HER 7 AD LS A —/FRAL W53 0
L5 W ORAEBRERISCR TR bER
T5%5. SHBEELBEETOBRFRIAEFCRTED
T, —OOWHMBEBELIEy D 2ERTERT
L, ThHEMOG) EFRMUTHS.

ms6, 7, 80y AT [0.150 mm] HT, HiE 1,
5 X HR [0.25mm] PWTREIEEL L, RIARD
FHETa - F{ELl. GA T 2 — X 3R TRTE
DTH5.

SEEL104E 6 A

163

K26 #iED

x15 WMHEERLBET

cross. area(A;) [ 1.00 20.00 | 40.00 | 60.00 | 80.00
string 000 001 010 011 | 100
cross. area(A;) | 100.00 | 120.00 | 140.00
string 101 110 111

(BA7: mm?)

*16 BBLDOIHD AT 2 —x

type | rank | string | population size | crossover | mutation
D 8 87 40 0.8 0.01

B27 BV 7w+ (B—EA)

CORFTCIRIBEEOBCEEL 1HLzOE ¥
KoRIET=) — + REEBLYERAL, 2R
HogHY a=0.8%L3F5%. 100ERATHOKTIHRIC
BT 5 GHBREVRSDIVEEORK VA 7Y b 2E
MTRT. ¥, BEVvATY MIE8ERITOL S
KAETEL. I, FERUAKETI V200
B rBELTHFE LCERLYEITCRT. RAXX
YHEHAEL TSR EAFHESIhin
M, B—EHTIED2D VAT Y FDOHRBERNEN
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RO 5 A%RDBRBLEBLRI.

B) XM DFEELEER LT, HEAOBELYE
B AN vA 7Y VEBE S ARRDARBELA
Bohi.

Lo L, #BRAFAN 4 TETY, LrdbBoheif
M, BIRTEAMEROBA LR, BETELHA
BEBBEY T A~-2LT57ARETHERT
H5. Lk THELERYB I LREHG

D-c

28 5D oML 7Y OSE E—ER) CHPTLELDD.
2 £ xR
1) KX, BR:BEH7TAY) X ARFIALEERLS
F17 BEREROHE A RBEE:, B34, 59-562A, 1568/1573 (1993)
item ) volume ) structure layout 2) hEE, PR bR -OBERBACIBRRL O
trial fitness | = papj |9ERERAMION— T BEREL~DIGH, Bk, 59-567A, 2783/2788 (1993)
y 0.635041 | 0.302475 | 2830 | , . No. 567, B
R T T T TR 3 HE, R ERRGC LD 7 AOHRREL &
iR, 61-584A, 849/854 (1995)
second | AL 03688 | 1880 Lo | 4) IUE: b VEAABRIS L T ABBBBORRIL, B
0.020020 | 0.016927 | 12.38 TIHIBEBLHEIEL A, No. 940-10, 339/341 (1994)

5) AHEAf: GIRM izt 7 ABEHOBRER, B
#, 61-58A, 205/210 (1995)
6) BH, BN : IERREREYHTHREHT LT
ofett, $IE R Tk D OWREI - . XAKlﬁ*aﬁﬁ%WDﬁﬁﬂﬁmg'ﬂ%'“‘
585A, 1096/1101 (1995
R 6) £ BT S & DHRRXMCSIAINTY o g g, i : GA R Ui e Fickn
5GAR LB, DabDcOFEVATY AR 57 ARBOTERBCCET 5 —HEER (L
SRR CHIICRE LT B HERIC L o TRD B h i LCRIENRIE GA XA ADRI ATV 5 M
e DRBED), #ER, 62-597A, 1234/1241 (1996)
= 8) Berke, L. and Khot, N. S., Use of Optimality Criteria for
5 ft Large Scale Systems, AGARD Lecture Series No. 170 on
- ™ Structural Optimization, AGARD-LS-70 (1974)
- snst e 9) KHE, $AK: BRERE (4] BERERH, v iav
b I ADEMOMERE L MIOBE L HRT 5 4 — LY, 13-4, 4439 (1994)

2 ETHERBR/MEBIBC SV TEBELORE LIS 10) BE, BA:=2a2—-51%y 7 — 2RI BFBEL

B 4B S AEAL, BlEERY T & 5 2 OBERE, B, 60-577A, 2163/2168 (1994)
A, RO ENGhoTc. 11) EX:GADOITERF~DOIACET T, KB,

s .- e 353, 45/50 (1992)
() SEAHFHOBUOM~08BELYRLLH ) gy JIITE - GA FIFKC I 5 BBRBE A o B AL

IGEE, GBERAK, KTHARO A LRYLHERL D—K, Bt 61-581A, 183/190 (1995)
Bohi. 13) Suzuki, K. and Kikuchi, N., A Homozemization Method

for Shape and Topology Optimization, Comp. Methods in

(@) 31 EA O, WIHRS BRI/ S Applied Mech. and Engrg 93, 291/318 (1991)
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